metal-organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

Bis(//-4,4;6,6-bis(biphenyl-2,2'-diyl- 
dioxy)-2,2-bis{2-[5-(pyridin-4-yl)-1,3,4- 
oxadiazol-2-yl]phenoxy}cyclo- 
triphosphazene)di-/i-chlorido- 
bis[chloridocopper(l I)] 

Xiang-Wen Wu, Xiao-Yan Wang, Jian-Ping Ma and Yu-Bin 
Dong* 

College of Chemistry, Chemical Engineering and Materials Science, Key Laboratory 
of Molecular and Nano Probes, Engineering Research Center of Pesticide and 
Medicine Intermediate Clean Production, Ministry of Education, Shandong Provincial 
Key Laboratory of Clean Production of Fine Chemicals, Shandong Normal University, 
Jinan 250014, People's Republic of China 
Correspondence e-mail: yubindong@sdnu.edu.cn 

Received 28 March 2012; accepted 14 April 2012 

Key indicators: single-crystal X-ray study; T = 298 K; mean ct(C-C) = 0.006 A; 
R factor = 0.056; wR factor = 0.139; data-to-parameter ratio = 13.1. 

In the crystal of the title compound, [Q^CL^CsnH^NgOgPs^], 
the binuclear molecule is located across an inversion center. 
Each Cu 2+ cation is coordinated by two pyridine N atoms from 
symmetry-related 4,4;6,6-bis(biphenyl-2,2'-diyldioxy)-2,2-bis- 
{2-[5-(pyridin-4-yl)-l,3,4-oxadiazol-2-yl]phenoxy}cyclotri- 
phosphazene (L) ligands, a pair of bridging CP anions and a 
terminal CP anion, forming a distorted CuCl 3 N 2 square- 
pyramidal geometry. Weak intramolecular C— H- ■ O and 
intermolecular C— H- ■ -N interactions occur in the crystal. 

Related literature 

For our interest in the coordination chemistry of bent organic 
ligands bridged by five-membered heterocycles such as 
oxadiazole and triazole, see: Dong et al. (2005, 2007). For the 
impact of different types of linkages as well as distinct 
coordinating orientations on the structures of various 
coordination-driven supramolecular compounds, see: Zhao et 
al. (2007). For bond lengths and angles in related structures, 
see: Ainscough et al. (2008); Du et al. (2010). Zhao et al. 
(2009). 
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Experimental 

Crystal data 

[Cu 2 CUC 50 H 32 N 9 O 8 P 3 ) 2 ] 

M r = 2228.39 

Triclinic, PI 

a = 10.554 (5) A 

b = 14.486 (7) A 

c = 15.551 (8) A 

a = 85.401 (7)° 

B = 81.984 (7)° 

Data collection 

Bruker SMART 1000 CCD area- 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2001) 
7mi„ = 0.779, T max = 0.942 

Refinement 

R[F 2 > 2a(F 2 )] = 0.056 

wR(F 2 ) = 0.139 

S = 1.02 

8593 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



y = 89.844 (7)° 
V = 2347 (2) A 3 
Z= 1 

Mo Ka radiation 
/x = 0.75 mnP 
T = 298 K 

0.35 x 0.30 x 0.08 mm 



12440 measured reflections 
8593 independent reflections 
6217 reflections with / > 2o(I) 
R,„, = 0.027 



658 parameters 

H-atom parameters constrained 
Ap max = 0.51 e A~ 3 
Ap mi „ = -0.48 e A~ 3 
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0.93 


2.51 


3.396 (6) 
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Symmetry code: (i) x, y + 1, z. 
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Data collection: SMART (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: XU5503). 
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Bis(M-4 r 4;6,6-bis(biphenyl-2,2 f -diyldioxy)-2,2-bis{2-[5-(pyridin-4-yl)-1,3,4-oxa- 
diazol-2-yl]phenoxy}cyclotriphosphazene)di-//-chlorido-bis[chloridocopper(ll)] 

Xiang-Wen Wu, Xiao-Yan Wang, Jian-Ping Ma and Yu-Bin Dong 

Comment 

In our research, we have a longstanding interest in the coordination chemistry of bent organic ligands bridged by the five- 
membered heterocycles such as oxadiazole (Dong et ah, 2005) and triazole (Dong et ah, 2007), especially in how 
different types of linkages as well as distinct coordinating orientations impact the structures of various coordination- 
driven supramolecular compounds (Zhao et ah, 2007). In this contribution, we present a new ligand containing 1,3,4-oxa- 
diazole and cyclotriphosphazene units, namely, bis(2,2'-dioxybiphenyl)bis(2-phenoxy-5-(4-pyridyl)-l,3,4-oxadiazole) 
cyclotriphosphazene (L) and the title compound, [CuCl 2 (C5oH 32 08N 9 P3)] 2 based on it (Scheme 1). 

In the crystal of the title compound, [CuCl 2 (C 5 oH3 2 0 8 N9P3)] 2 , the binuclear molecule is located across an inversion 
center (Figure 1). The Cu" cation is N,N'-chelated by a bis(2,2'-dioxybiphenyl)bis(2-phenoxy-5-(4-pyridyl)-l,3,4-oxa- 
diazole) cyclotriphosphazene (L) ligand, and a pair of bridging CI" anions and a terminal CI" anion further coordinate to 
the Cu" cation to complete the distorted CUCI3N2 square -pyramidal geometry (Ainscough et al, 2008). The N8'-Cul-N9 
angle is 174.68 (1)° and the dihedral angle between C1-C5/N9 and C21'-C25 , /N8'is 21.272° (Zhao et ah, 2009) 
[symmetry code: i = -x, -y, 1-z]. The corresponding dihedral angles between the planes of the three rings in one 1,3,4- 
oxadiazole arm are 9.565° (between C1-C5/N9 and C6-C7-08/N6-N7) and 5.322° (between C6-C7-08/N6-N7 and C8- 
C13), and the corresponding dihedral angles of three rings in the other 1,3,4-oxadiazole arm are 30.941° (between C22- 
C26/N8 and C20-C21-O8/N4-N5) and 12.694° (between C20-C21-O8/N4-N5 and C14-C19). The Cu-N distances range 
from 2.021 (3) A to 2.045 A which are close to those found in {[Cu(4-bpo)(dca)(H 2 0) 2 ](N0 3 )(H 2 0)} n (4-bp = 2,5-bis(4- 
pyridyl)- 1,3,4-oxadiazole, dca = N(CN) 2 ") (Du et ah, 2010). Moreover, the angles of Cll-Cul-C12 and Cll-Cul-C12' are 
167.54 (5)° and 101.39 (5)°, respectively [symmetry code: i = -x, -y, 1-z]. The bridged Cu-Cl bond length (2.700 (6) A) is 
longer than other Cu-Cl bonds (2.261 (9) A and 2.300 (8) A) (Ainscough et ah, 2008). Additionally, neighbouring Cu 11 
cations are connected by two bridged chlorine ions into Cu 2 Cl 2 loops with a Cu—Cu separation 3.522 (1) A. 

In the solid state, binuclear molecules are linked together by weak intramolecular C — H— O and intermolecular C — 
H---N interactions into one-dimensional double-chains (Figure 2, Table 1). 

Experimental 

Preparation of L: 

The solution of 2-phenoxy-5-(4-pyridyl)- 1,3,4-oxadiazole (0.50 g, 2.1 mmol) in 30 ml THF was added NaH(50.4 mg, 
2.1 mmol), the mixture was stirred for 1 h at room temperature, then [N 3 P 3 (2,2'-dioxybiphenyl) 2 Cl 2 ](0.574 g, 1 mmol) in 
20 ml THF was added. The mixture was heated at reflux over 3 h, allowed to cool, the precipitation was separated by 
filtration and washed several times with water, then the residue was purified on a silica gel column using CH 2 Cl 2 :MeOH 
= 20: 1 as the eluent to afford L as a white crystalline solid. IR(KBr pellet, cm" 1 ): 1608(m), 1540(w), 1477(m), 1435(m), 
1410(w),1276(m), 1233(m), 1175(5), 1090(m), 1033(m), 932(w), 890(j), 818(w), 785(m),750(»j), 716(m), 701 (m), 
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630(w), 608(m), 532(m), 409(w). 'H-NMR (300 MHz, 25°C, DMSO-d 6 ,TMS, p.p.m.): 8.41-8.40(d, 2H, -C 5 H 4 N), 8.26- 
8.24(d, 1H, -C 6 H 4 O),8.02-7.84(d, 2H, -C 5 H 4 N), 7.76(d, 1H, -C 6 H 4 0),7.54(t, lH,/?-C 6 H 4 0), 7. 51-7.39(m, 3H, -C 6 H 4 0,- 
Ci 2 H 8 0 2 ), 7.28-7.26(m, 4H, -Ci 2 H 8 0 2 ),6.98-6.26(d, 3H, -C 6 H 4 0, -G 2 H 8 0 2 ).Anal. Calcd. forCsotfeNoO^: C, 61.29;H, 
3.30; N, 12.86. Found: C, 61.33; H, 3.24; N, 12.89. 
Preparation of Cu" compound: 

L (49 mg, 0.05 mmol) in CH 2 C1 2 (7 ml) and CuCl 2 .2H 2 0 (9 mg, 0.05 mmol) in CH 3 OH (7 ml) were mixed. After about 
one week, green block-shaped crystals were obtained in 75% yield based oni. 

Refinement 

H atoms attached to carbon were placed in geometrically idealized positions with C — H = 0.93 A and refined using a 
riding model, with U is0 (H) = 1.2U eq (C). 

Computing details 

Data collection: SMART (Bruker, 2007); cell refinement: SAINT (Broker, 2007); data reduction: SAINT (Bruker, 2007); 
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: SHELXTL 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008). 




Figure 1 

A view of Cu" compound,showing the coordination around Cu 11 . Displacement ellipsoids are drawn at the 30% 
probability level and H atoms have been omitted for clarity, [symmetry code: (i) -x, -y, -z+ 1]. 




Figure 2 

A diagram showing weak intermolecular C-H..N interaction. 
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Bis(//-4,4;6,6-bis(biphenyl-2,2'-diylclioxy)-2,2-bis{2-[5-(pyriclin-4-yl)-1,3,4- oxadiazol-2- 
yl]phenoxy}cyclotriphosphazene)di-jj-chlorido- bis[chloridocopper(ll)] 



Crystal data 

[Cu 2 Cl 4 (C 5 oH32N,0 8 P 3 ) 2 ] 
M r = 222839 
Triclinic, PI 
Hall symbol: -P 1 
a= 10.554 (5) A 
b = 14.486 (7) A 
c= 15.551 (8) A 
a = 85.401 (7)° 
£ = 81.984 (7)° 
y = 89.844 (7)° 
F=2347 (2) A 3 

Data collection 

Bruker SMART 1000 CCD area-detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Bruker, 2001) 
T mm = 0.779, r max = 0.942 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

RiF 1 > 2(t(P 2 )] = 0.056 

wRiF 2 )^ 0.139 

S = 1.02 

8593 reflections 

658 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Z = 1 

P(000)= 1134 

£> x = 1.577 Mgirr 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 2838 reflections 

6 = 2.2-24.7° 

ju = 0.75 mirT 1 

T=298K 

Block, green 

0.35 x 0.30 x 0.08 mm 



12440 measured reflections 
8593 independent reflections 
62 1 7 reflections with / > 2a{T) 
Rm = 0.027 



9m 



25.5°, 0^=1.9° 



h = -12— >12 
£ = -17—13 
/ = -18— 18 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/ta 2 ^ 2 ) + (0.0629P) 2 + 0.7991P] 

where P = (F a 2 + 2F c 2 )/3 
(A/(7) max = 0.001 
Ap max = 0.51 e A" 3 
A Pmm = -0.48 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 1 against ALL reflections. The weighted P-factor wR and goodness of fit S are based on F 2 , 
conventional P-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 1 ) is used 
only for calculating P-factors(gt) etc. and is not relevant to the choice of reflections for refinement. P-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



y 



11- *iu 



CI 
HI 



0.0712 (4) 
0.0268 



-0.0313 (3) 
-0.0868 



0.2710(3) 
0.2868 



0.0457(11) 
0.055* 
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o.oioy (io) 


XT/C 

JN6 


A AlO /OA 

0.0/5 (3) 


A A/I A /OA 
0.04V (Z) 


A ACA /OA 
0.030 (Z) 


A A 1 O /OA 

— 0.0 lo (z) 


A A 1 O /OA 

O.Olz (z) 


A A 1 /C 1 /1 OA 

—0.0161 (iy) 


XT*7 

JN / 


A ATT /OA 

0.0/ / (3) 


A A/I O /OA 

0.040 (z) 


A AC 1 /OA 

0.03 1 (3) 


A AOA /OA 

— O.OzO (z) 


A A 1 1 /OA 

0.011 (z) 


A A 1 O C / 1 AA 

—0.0133 (iy) 


XTO 

JNo 


A A/1 A /OA 

0.044 (Zj 


A AO OA /1 OA 

0.03Z0 (IV) 


A A/1 O /OA 

0.04V (z) 


A AA/l 0/1 /CA 

—0.0043 (lo) 


A AAOT /1 TA 

O.OOz / (1 /) 


A OA 1 T /1 /CA 

0.001 / (16) 


XTO 


A A/1 1 /'OA 

0.043 (z) 


a ao n n OA 
0.03 1 / (ly) 


A A/IO /OA 

0.04V (z) 


A AA 1 C /1 CA 

—0.0013 (13) 


A AAOO /1 TA 
0.00Z3 (1 /) 


A AAAO /1 /CA 

— O.OOOz (16) 


Ul 


A MT71 /1 1\ 

0.0Z/1 (13) 


A AOT 1 /1 O A 
O.Oz / 1 (13) 


A A/I A/1 /1 £A 

0.0404 (16) 


A AAOT /1 AA 

—O.OOz / (10) 


A AATO /1 OA 

—0.00 /o (lz) 


A AAOO /1 1 A 

0.00Z3 (11) 


/~\0 

Uz 


A AOOO /1 A\ 

O.OZOO (14) 


A AO OA / 1 A A 
0.03Z0 (14) 


A A/I AO / 1 £\ 

0.040z (16) 


A AAA/: / 1 1 A 

—0.0006 (11) 


A AAAA /1 OA 

— 0.00W (lz) 


A AAO 1 / 1 1 A 

— O.OOz 1 (11) 


/"\0 


A A/1 CC /I /CA 

0.0433 (16) 


A OOOT /1 A A 
O.UZV/ (14) 


A AOA1 /1 CA 

0.0301 (13) 


A AAOA /1 OA 

0.0030 (Iz) 


A AA/C 1 /1 OA 

— 0.0061 (lz) 


A AA/CO /1 1 A 

—0.0060 (11) 


M/l 
U4 


A AOO A ( \ A\ 

0.03Z0 (14) 


A AO /I C /I A A 

0.034o (14) 


A AOAO /1 CA 

O.OzVV (13) 


A AAAO /1 1 A 

0.0003 (11) 


A AAA/C /1 OA 

0.0006 (lz) 


A AAA/C /1 1 A 

—0.0006 (11) 


(J3 


A AO A A / 1 O A 

0.0z44 (13) 


A AO AC / 1 A A 

0.0303 (14) 


A A/I 1 C /1 /CA 

0.0413 (16) 


A AAO A / 1 1 A 

0.00z4 (11) 


A AA A £. / 1 OA 

—0.0046 (lz) 


A AAOO / 1 1 A 

— O.OOzz (11) 




U.WZUU ^ 1 J f 






n on? i 






07 


0.0359 (15) 


0.0322 (14) 


0.0367 (16) 


0.0044 (12) 


-0.0026 (12) 


0.0021 (12) 


08 


0.0388 (15) 


0.0338 (15) 


0.0336 (16) 


-0.0073 (12) 


-0.0004 (12) 


-0.0051 (12) 


PI 


0.0260 (5) 


0.0304 (5) 


0.0260 (5) 


-0.0018(4) 


-0.0041 (4) 


-0.0056 (4) 


P2 


0.0260 (5) 


0.0290 (5) 


0.0322 (6) 


-0.0027 (4) 


-0.0044 (4) 


-0.0039 (4) 


P3 


0.0298 (5) 


0.0305 (5) 


0.0278 (5) 


-0.0019 (4) 


-0.0002 (4) 


-0.0062 (4) 



Geometric parameters (A, ") 



CI— N9 


1.344 (5) 


C30— C31 


1.377 (6) 


CI— C2 


1.364 (6) 


C30— H30 


0.9300 


CI— HI 


0.9300 


C31— C32 


1.400 (5) 


C2— C3 


1.376 (5) 


C31— H31 


0.9300 


C2— H2 


0.9300 


C32— C33 


1.472 (5) 


C3— C4 


1.387 (5) 


C33— C38 


1.384 (5) 


C3— C6 


1.449 (5) 


C33— C34 


1.389 (5) 


C4— C5 


1.370 (6) 


C34— C35 


1.377 (6) 


C4— H4 


0.9300 


C34— H34 


0.9300 


C5— N9 


1.339 (5) 


C35— C36 


1.378 (6) 


C5— H5 


0.9300 


C35— H35 


0.9300 


C6— N7 


1.289 (5) 


C36— C37 


1.384 (6) 


C6— 08 


1.356 (4) 


C36— H36 


0.9300 


C7— N6 


1.299 (5) 


C37— C38 


1.387 (5) 


C7— 08 


1.349 (4) 


C37— H37 


0.9300 
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C7 — C8 


1 A CA ( C\ 

1.450 (5) 


C8 — CI 3 


1.394 (5) 


p o P " A 

C8 — C9 


1 /ini /c\ 

1.401 (5) 


p (\ p 1 l\ 

C9 — CIO 


1 ipi /p\ 
1.363 (6) 


C9 — H9 


A A O A A 

0.9300 


CIO — Cll 


1.375 (6) 


pi n Tii n 

CIO — H10 


A m AA 

0.9300 


pi 1 

Cll — Clz 


1 TO') /P"\ 

1.3o3 (6) 


PI 1 TT 1 1 

Cll — HI 1 


A AOAA 

0.9300 


p 1 -\ PIT 

C12 — C13 


1.383 (5) 


/"* 1 TT1 O 

Clz — H12 


0.9300 


C13 — 06 


1 O A A / /I \ 

1.390 (4) 


P 1 /I pi f 

C14 — CO 


1 0*7/1 /C\ 

1.3 /4 (5J 


p 1 a pin 

Cl4 — C19 


1.387 (5) 


Cl4 — 05 


1 O A A / /I \ 

1.399 (4) 


Cl5 — Cl6 


1.381 (5) 


PI f TT 1 C 

CI j — HI j 


A AOAA 

0.9300 


PI/' P 1 T 

C16 — C17 


1 O O A /P\ 

1.380 (6) 


Cl6 — Hl6 


A AO A A 

0.9300 


p 1 "7 P 1 O 

C17 — C18 


1 O ^O i £\ 

1.363 (6) 


TT1 -7 

CI / — Hi / 


A AOAA 

U.9300 


C 1 o — C 1 9 


1 /I A A /C\ 

1.400 (5) 


P 1 O T T 1 O 

C18 — His 


A AO A A 

0.9300 


p | pi PO A 

C19 — C20 


1.448 (5) 


C2U — JN4 


1 inn /c\ 
1.3UU (3) 


C20 — 07 


1.348 (4) 


C21 — N5 


1.279 (5) 


pi 1 P.T 

C21 — 07 


1.366 (5) 


C21 — C2z 


1 /i cc /£\ 

1.433 (6) 


C22 — C26 


1 no / r\ 

1.378 (5) 


P11 PIO 

Czz — Cz3 


1 TOC /P"\ 

1.385 (6) 


PT> P^yl 

Cz3 — Cz4 


1.368 (6) 


pt) Tin 

Czi — HZ3 


A m AA 

0.9300 


P O /I \TO 

C24 — N8 


1 Tin /r\ 

1.337 (5) 


Cz4 — HZ4 


A AO AA 

0.9300 


C25 — N8 


1 T OA /C\ 

1.329 (5) 


PIC p -> /_ 

C25 — C26 


1 0*7/1 

1.374 (6) 


PTC TTI c 

Cz5 — Hz 5 


A AO AA 

0.9300 


PO P T TO P 

C26 — H26 


A AO A A 

0.9300 


C27 — C28 


1 Tin /c\ 

1.377 (5) 


C27— C32 


1.384 (5) 


C27— 01 


1.395 (4) 


C28 — C29 


1.373 (6) 


C28 — H28 


0.9300 


C29— C30 


1.365 (6) 


C29— H29 


0.9300 


N9— CI— C2 


123.5 (4) 


N9— CI— HI 


118.2 



p 7 O PiO 

C38 — 02 


1 A AC / A \ 

1.405 (4) 


pto p /i pi 

C39 — C40 


1.372 (5) 


PO A P /I A 

C39 — C44 


1 O 0 1 / C\ 

1.382 (5) 


p o A p.") 

C39 — (J3 


1.414 (4) 


P /I A P A 1 

C40 — C4 l 


1.386 (5) 


p /l /"\ T T /I A 

C40 — H40 


A AO AA 

0.9300 


p /i 1 p /i i 
C41 — C42 


1 OTC /P\ 

1.375 (6) 


p /l 1 T T /I 1 

C41 — H41 


A AO AA 

0.9300 


p /) O p /I O 

C4Z — C43 


1.3oo (o) 


C4z — H4Z 


A AO AA 

0.9300 


C43 — C44 


1 T A A i C\ 

1.394 (5) 


P dO T T /I O 

C43 — H43 


A AO A A 

0.9300 


p /) /) P /I C 

C44 — C45 


1.4 / / (J) 


p /( r P /I P 

C45 — C46 


1 O O "O /P\ 

1.382 (6) 


P /I C P C A 

C45 — C50 


1 o on /r\ 

1.387 (5) 


P ,1 P P >1 1 

C46 — C47 


1 O A 1 / "7 \ 

1.391 (7) 


P /I P IT/1 

C4o — H4o 


A AO AA 

0.9300 


C47 — C48 


1 o po /n\ 

1.363 (7) 


P /I "7 TT^n 

C47 — H47 


A AO AA 

0.9300 


p /I O P /I A 

C48 — C49 


1.376 (6) 


C4o — H4b 


a ninn 
U.9jUU 


r~\ a a pen 

C49 — C50 


1.371 (5) 


P /I A TT/ir> 

C49 — H49 


A AO AA 

0.9300 


plf A pi /I 

C50 — U4 


1 /I AC /A \ 

1.405 (4) 


Cll — Cul 


2.2619 (14) 


pi o p, . i 
Clz — Cul 


O 1 A A O 

2.3008 (15) 


p i o p, . i j 
C12 — Cul 


■O HC\(\£ / 1 C\ 

Z.7006 (15) 


p, , 1 XTA 

Cul — N9 


■O AO 1 /O \ 

2.021 (3) 


Cul — JNb 


Z.U43 (4) 


Cul — C12 1 


■O TAAP /1 C\ 

2.7006 (15) 


XT 1 r> i 

JN1 — PI 


1 f /f o /o\ 

1.568 (3) 


XT 1 TlO 

Nl — P3 


1 C*7A ZO\ 

1.579 (3) 


JN2 — Fz 


1 C"7C 

1.3 /5 (3) 


N2 — PI 


1 C "7 O /O \ 

1.578 (3) 


XTO m 

N3 — P2 


1 C £ A /O \ 

1.560 (3) 


XTO no 

N3 — F3 


1 C70 ZO\ 

1.573 (3) 


XT A XTC 

JN4 — Nj 


1 one /c\ 
1.395 (5J 


xtzt xn 

No — N7 


1 O A 1 /f\ 

1.391 (5) 


XTO p ■". . 1 j 

N8 — Cul 


■O A /I C / /I \ 

2.045 (4) 


01— P2 


1.587 (2) 


02 — P2 


1 con \ 

1.580 (3) 


03— P3 


1.580 (3) 


p a r»o 

04 — P3 


1.584 (3) 


05— PI 


1.590 (3) 


06— PI 


1.587 (2) 


C35— C34— H34 


119.4 


C33— C34— H34 


119.4 
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C2 — CI — Hi 


118.2 


CI — C2 — C3 


119.3 (4) 


CI — C2 — H2 


1 O ft A 

120.4 


C3 — C2 — H2 


120.4 


C2 — C3 — C4 


i i r> ft / a \ 

118.0 (4) 


C2 — C3 — Co 


119.7 (4) 


C4 — C3 — Co 


122.1 (4) 


C5 — C4 — C3 


119.1 (4) 


f\ r r~\ a tt a 

L5 — C4 — H4 


1 OA Z 

120.5 


C3 — C4 — H4 


120.5 


N9 — C5 — C4 


123.2 (4) 


\ta /*ir Tir 

N9 — C5 — H5 


118.4 


C4 — C5 — H5 


1 1 O A 

118.4 


N7 — Co — 08 


111 T / A\ 

111.7 (4) 


N7 — Co — C3 


128.3 (4) 


08 — Co — C3 


11ft o \ 

119.8 (3) 


XT/1 /"^ "7 f~\0 

No — C7 — 08 


111 H /A \ 

111.7 (4) 


xt/" n /-in 

No — C7 — C8 


126.8 (4) 


08 — C7 — C8 


121.4 (3) 


C13 — C8 — C9 


117.2 (4) 


L13 — C8 — L7 


124.0 (4) 


/"1ft /-in /"IT 

C9 — C8 — C7 


1 1 O O / A \ 

1 1 8.8 (4) 


/"i 1 ft /"ift /~i o 

CIO — C9 — C8 


121.1 (4) 


/"I i /-i /- ■> ft TTp, 

CIO — C9 — H9 


119.5 


/no /"'A TTH 

C8 — C9 — H9 


1 1 A f 

119.5 


C9 — CIO — Cll 


121.0 (4) 


/"< ft /— i i f\ tti ft 

C9 — CIO — H10 


119.5 


/"< 1 1 /~1 1ft T T 1 ft 

Cll — CIO — HIO 


119.5 


/"MA /" " 1 i /"> 1 O 

CIO — Cll — C12 


i in A f A\ 

119.4 (4) 


CIO — Cll — Hll 


120.3 


f ' 1 /-\ /-i i -i T T 1 1 

C12 — Cll — Hll 


120.3 


C13 — C12 — Cll 


I in 1 / A \ 

119.7 (4) 


i pn tti n 

C13 — C12 — H12 


1 OA 1 

120.1 


/"< 1 1 /~1 1 ^ T T 1 1 

Cll — C12 — H12 


120.1 


C12 — C13 — 06 


118.6 (3) 


C12 — C13 — C8 


1^1 A / A \ 

121.4 (4) 


Oo — C13 — C8 


1 ^ ft A /") \ 

120.0 (3) 


C15 — C14 — C19 


1 ^ ft ft \ 

120.9 (3) 


C15 — C14 — 05 


120.8 (3) 


/~t 1 ft /~1 1 A / \ C 

C19 — C14 — 05 


1 1 O ft /I \ 

118.0 (3) 


C14 — C15 — C16 


i in f / A \ 

120.6 (4) 


f • -1 A /" t 1 r 1 TTI f 

C14 — C15 — H15 


119.7 


f < f /- /-I 1 — TTI F 

C16 — C15 — H15 


119.7 


C17— C16— C15 


119.5 (4) 


C17— C16— H16 


120.3 


C15— C16— H16 


120.3 


C18— C17— C16 


119.7(4) 


C18— C17— H17 


120.2 


C16— C17— H17 


120.2 



C34 — CJ5 — C36 


1 OA /I / A \ 

1Z0.4 (4) 


C34 — C35 — H35 


1 1 A O 

119.8 


C36 — C35 — H35 


1 1 A O 

119.8 


C3 5 — C3 6 — C3 7 


1 1 A H ( A\ 

119.7 (4) 


C3 5 — C3 6 — H3 6 


1 OA 1 

lzO.z 


C37 — C36 — H36 


1 OA O 

lzO.z 


pi/ riin mo 

C36 — C37 — C38 


1 1 A A ( A\ 

119.0 (4) 


C36 — C37 — H37 


1 OA Z 

120.5 


foo un 
C3o — C3 / — H3 / 




C33 — C38 — C37 


122.2 (3) 


rill /""TO 

C33 — C38 — 02 


i 1 n /o \ 

119.6 (3) 


C37 — C38 — 02 


1 1 O A /") \ 

118.0 (3) 


C A f\ t~^") A C A A 

C40 — C39 — C44 


1 o O / /I \ 

123.8 (4) 


C40 — C39 — 03 


1 1 *7 C /I \ 

117.5 (3) 


A A f s 1 ft /"^^ 

C44 — C39 — 03 


118.6 (3) 


/T) ft r ■• a A z^ 1 /I 1 

C39 — C40 — C41 


117.9 (4) 


C39 — C4(J — H4U 


1 O 1 1 

121.1 


a 1 ri^n TT/1A 

C4 1 — C40 — H40 


1 O 1 1 

121.1 


C42 — C41 — C40 


1 r\ ft / d \ 

120.2 (4) 


A^i f 1 1 TT/11 

C4z — C4 1 — H4 1 


1 1 A A 

119.9 


a r\ a 1 TT/11 

C4U — C4 1 — H4 1 


1 1 A A 

119.9 


C43 — C42 — C4 1 


1 O A 1 / /I \ 

120.3 (4) 


C43 — C42 — H42 


119.8 


C4 1 — L4z — H4z 


1 1 A O 

119.8 


C4z — C43 — L44 


1 O 1 C / A \ 

121.5 (4) 


C42 — C43 — H43 


119.3 


Z" 1 A A f ~* /IT T T A O 

C44 — C43 — H43 


119.3 


C3 9 — C44 — C43 


1 1 £ r\ / A\ 

116.2 (4) 


pin r*AA c*az 
C39 — C44 — C43 


1 O 1 O 

Izl.o (j) 


f ^ A z' ' A A l~\ A r 

C43 — C44 — C45 


1 O O A / /I \ 

122.0 (4) 


f ^ a s~ /-i a r r~\ r ft 

C46 — C45 — C50 


116.4 (4) 


C46 — C45 — L44 


1 OA £L / A\ 

120.6 (4) 


C50 — C45 — L44 


TOO A / /I \ 

123.0 (4) 


C45 — C46 — C47 


121.2 (5) 


C45 — L46 — H46 


1 1 A /I 

119.4 


/-i <n TT/1/" 

C47 — C46 — H46 


1 1 A A 

119.4 


/"'ao ah a n 

L4 8 — C47 — C46 


1 OA T /f \ 

120.3 (5) 


p^O fi/n TTAH 

C48 — C47 — H47 


1 1 A A 

119.9 


C46 — C47 — H47 


119.9 


C47 — C48 — C49 


1 OA A / A \ 

120.0 (4) 


C47 — C48 — H48 


1 OA A 

lzO.O 


C49 — C48 — H48 


1 OA A 

120.0 


pen p /-< a o 

C50 — C49 — C48 


1 1 O O { A \ 

118.8 (4) 


CM) — C49 — H4y 


1 OA C 


C48— C49— H49 


120.6 


C49— C50— C45 


123.2 (4) 


C49— C50— 04 


116.3(4) 


C45— C50— 04 


120.3 (3) 


Cul— C12— Cul' 


89.14(5) 
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c i / — c i o — c i y 


1 11 1 { A\ 

122.1 (4) 


riin P 1 O TT10 

C17 — Lis — H18 


1 1 n n 

119.0 


P 1 A P 1 O TT10 

C19 — C18 — H18 


1 1 n n 

119.0 


P 1 /I P 1 A P 1 O 

C14 — C19 — C18 


1 1 H 1 //1\ 

117.2 (4) 


p 1 /i pin pon 

c 1 4 — c i y — C2 o 


1 1/C A /1\ 

126.0 (3) 


pio pin pin 

C 1 o — C 1 9 — C20 


1 1 / o /I \ 

116.8 (3) 


XT/I /~\0" 

N4 — C20 — 07 


112.5 (4) 


XT/i Pin pi n 

N4 — C20 — C19 


ii/i n / /i \ 

124.0 (4) 


p*7 pin pin 

u / — C20 — c i y 


111 C /I \ 

123.3 (3) 


\Tf Pi 1 PiT 

N5 — C21 — 07 


111 C //I \ 

112.5 (4) 


JN 5 — C2 1 — C22 


126.9 (4) 


/~»"7 PI 1 P11 

07 — C21 — C22 


1 1 A /" /I \ 

120.6 (3) 


c ' ~\ / pii pii 

C26 — C22 — C23 


i n c / /i \ 

117.5 (4) 


pi/: pii pi 1 

C2o — Lzz — C2 1 


1 O O O / A N 

123.2 (4) 


C23 — C22 — C2 1 


119.3 (4) 


PI/I PII PII 

C24 — C23 — Czz 


1 1 n i / a \ 

119.2 (4) 


f 1 I pt? ITT) 

C24 — C23 — H23 


1 1A A 

120.4 


PII PII TT11 

C22 — C23 — H23 


1 1A A 

120.4 


\to PI /I PT> 

N8 — C24 — C23 


123.6 (4) 


\to PI A TT1/1 

N o — C24 — H24 


1 1 O 1 

118.2 


pi 1 PI /I TT1/1 

C23 — C24 — H24 


1 1 O 1 

110.2 


\TO PIC PI/' 

N8 — C25 — C26 


111 C / A \ 

123.5 (4) 


\to PIC TT1C 

N8 — C25 — H25 


118.2 


/ ' ~\ / PIC TT1C 

Czo — C25 — H25 


1 in 1 

118.2 


p^r pi/: no 
C25 — Czo — Czz 


i in a / a\ 
1 19.4 (4) 


PIC PI/' TTO/' 

C25 — C26 — H26 


120.3 


PII PI/" TT1/' 

C22 — C26 — H26 


120.3 


pio pn pti 

C28 — C27 — C32 


111 H { A \ 

122. 7 (4) 


C2o — L-2 / — U 1 


lie. 5 (i) 


pii pn /"\ i 

C32 — C27 — Ol 


118.5 (3) 


Pin PIO PT7 

C29 — C28 — C27 


118.7 (4) 


Pin POO TTIO 

C29 — Cz 8 — Hz 8 


1 ia n 

120.7 


P1"7 POO Tno 

C27 — C28 — H28 


1 1A T 

120.7 


pin pin poo 

C30 — C29 — C28 


1 1 A C / /I \ 

120.5 (4) 


pin pin TTin 

C30 — C29 — H29 


1 1 A *7 

119.7 


pio Pin TTin 

C28 — C29 — H29 


119.7 


pin pin pi 1 

C29 — C30 — C3 1 


1 in c / a \ 

120.5 (4) 


pin pin TTin 

C29 — C30 — H30 


1 1 n *7 

119.7 


pi 1 Pin TTin 

C3 1 — C30 — H30 


1 1 A n 

119.7 


pin pti 

C30 — C3 1 — C32 


120.6 (4) 


pin pi 1 tti 1 

C30 — C3 1 — H3 1 


1 1 n *7 

119.7 


/~*00 /T} 1 TTT 1 

Ci2 — Li 1 — Hi I 


1 1 A *7 

119.7 


/~<->o rn 

C27 — Ci2 — C3 1 


1 1 £ A /*} N 

116.9 (3) 
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o o /o \ 

2.3 (3) 


p 1 PylO A A Z" 1 A C 

C42 — C43 — C44 — C45 


1 TA T / /I \ 

179.7 (4) 


m xti no p. o 

PI — N 1 — P3 — U3 


1 O /I o /o\ 

— 124.2 (2) 


pin P/1/1 P /I C P /I /" 

C39 — C44 — C45 — C46 


138.6 (4) 


ni xti no r\A 

PI — N 1 — P3 — (J4 


1 O /I o /o\ 

124.2 (2) 


T4.^ CAA CA^ CAf\ 

OtJ vtt v,>+^? V^t/U 




r^o 

v - ' y uj rj ±>j 


jj.j yj j 


C39— C44— C45— C50 


-41.3 (6) 


039— 03— P3— Nl 


-174.7(3) 


C43 C44 C45 C50 


139.3 (4) 


039— 03— P3— 04 


-56.9 (3) 


C50— C45— C46— 047 


0.4 (7) 


C50— 04— P3— N3 


-148.7(3) 


C44— 045— C46— C47 


-179.5 (5) 


C50— 04— P3— Nl 


82.0 (3) 


C45— C46— C47— 048 


1.5 (9) 


C50— 04— P3— 03 


-31.2 (3) 



Symmetry code: (i) -x, -y, -z+1. 
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Hydrogen-bond geometry (A, ") 



D—n-A 


D — H 


H-A 


D-A 


D—n-A 


C26— H26-03 


0.93 


2.38 


3.271 (5) 


160 


C36— H36-N5" 


0.93 


2.51 


3.396 (6) 


159 



Symmetry code: (ii) x, y+l, z. 
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